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Identification Description
Definition
Tsunami

The term tsunams a Japanese wongeaning "large wave in harbor" and comes from the
Japanese observation that such waeed to beespecially large and dangesoalfter they enter
harbors. A tanami, sometimes called a tidaéve, consists of a series of highergy waves that
radiate outward like pond ripples from the area in which the generating event oc€hegd.
alsobuild in heght as they move into shallomater, just before striking the open shore or
reaching the heads bays, and then inundating the lying areas near the shore. Often, a
quick recession of the water precedes the first wave crest.

Figure TS-1 Hawaii 19577 Residents Explore Ocean Floor Before Tsunarhi
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It is unusual forgunamigo resemble th&zon used to dpict them atoweling wave with a
breaking crestwWhile they can have that form it is more usual for themesemblea series of
quickly rising tidespr a surge of water. When thegthdraw,they do sawith currerts much like
those of a riverSwift currents commonlycause mchof the damage from tsumas either from
impacting objects directly or fromme mateial picked up and transported along with the water,
such as logs, cars, or parts of buildings. They also pick up pollutants like oil, gas, séevage, e
that cancause further damage as well aggléarm environmental problems.
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Figure TS-2 Hawaii 19497 Waves Overtake a Seawalt

Seiche

Seiches are water wavgenerated in enclosed or partly enclosediés ofwater such as
reservoirs, lakes, bays and rivers by the passage of seismic waves (dpaking)scaused by
earthquakesSedimentary basins benealie body of wéer can amplify a seismic seiche.
Seismicwaves also can amplify water waves by @rgithe ratural sloshing action in a body of
water or focusing water waves onto a section of shortline.

Types®

Tsunamis are a secondary hazard, the resgkalbgical gents. Typical, tsunams andseiches
aretriggered byearthquakes anthndslidesseeEarthquakeand Landslidehapters of the HIRA
The most likey source of a tsunami fohe Puget Sounid earthquake These sources are
discused below.

Earthquake Source

Sudden raising or lowerg ofa pationoft he Eart hés crust duusdsng ear
a tsunami, although landslides and underwater volcaniciengptan generate them as well.

Movements of the sea floor or lakebed, or rock fall into an enclosed body ofdisiece the

watercolumn setting off a series of waves that raig outvard like pond ripplesThetwo main

Washington earthquake scenarios that may generate a tsane@fiascadia subduction zone
eventarounda Magnitude qreoccurence~500600 yearsand ashallowcrustalearhquake

such as the Taconma Seattld-aults arounda Magnitue 7 feoccurrencd00s-100Gs ofyears.

Landslide Source

An earthquake is possible degpthemante in theBenioff Zone These earthquakesear

typically around a M7 and occur every-80 years.However, these earthquakes do not directly
cause a tsunami as they do not displace thewséae, but they can trigger landslides that do.
The 2001Nisqually earthquake is an example of a Benioff epréke Threedistinct landslide

TSUNAMI - PAGE -3
PIERCE COUNTY HAZARD IDENTIFICATION AND RISK ASSESSMENT 2020



situations couldesut in a significant tsunanor seicheaffecting local communities bordering
Puget Sound: submarine landslidesdelta fronts, submarine slides elbeve in the Sound na
slides from adjacent uplandsor moreinformationseelL andslide chpter.

Local Source Tsunami
Usually generated by an earthquaket can also be caused by a landslide, volcanic eruption,

meteorological evets, or meteor impa. Tswami wave arrial within minutesShaking is your
warning.

Distant Source Tsunami

A tsunam originating from a faraway source, generally more th@®0 miles or morg¢han three
hoursof tsunami travel time from its sourd@&.arning must belistributed

Profile

Location and Extent®

In Washington Stat¢he Padic Coast, Strait of Juan de Fueal Puget Sond areall at risk
from tsunamisin addiion, large lakesand other enclosed bodies of watike Puget Sound
south of the Tacoma Narronsouldbe affected by seiche
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Figure TS-3 Tsunamis in Washington Staté

Tsunamis in Washington

Lake Roosevelt, 1944-2009
A n Hat Island, 1820s Multiple tsunamis as much as

3 'i:.{ Large landslide at Camano 65-feet-high generated by
PN Head triggered a tsunami landslides
that buried an entire village <>

Commencement Bay, 1894
Submarine landslide triggered
tsunami and caused 2 fatalities

Tacoma Narrows, April 16, 1949
A 6-8-foot-tall tsunami caused by a
landslide after a large earthquake

Spirit Lake, May 18, 1980
Large landslide from Mount St. Helens
eruption caused an enormous tsunami

Puget Island, 1965
One fatality when large
landslide above the

Columbia River caused a tsunami

<> notable landslide-

Washington Coast caused tsunami

The entire coastline may be at risk of

tsunamis. If you feel an earthquake D areas modeled
near the ocean, evacuate to higher for earthquake
ground or move inland tsunami hazard

Earthquake Source

Geobgic record in filal marshes can extettte modern tsunami record prior to written records.
What can be searedistinct clean marinelerived sanddyers preserved in the stratigraphy from
previously unrecorded tsunaewents Researcheisavwe been ableotconstrain agesf these

sand layers based on radiocarbon dating the soil above and below. The dates of these layers
suggest that large tsunamigeaarthquakes have occurred for the 13508yearsdirectly

offshore of Washigton.The sunami recal has beemx@ended eenfurtherwhen looking at
additional geologic records on the seafldauring an earthquake event, the shaking triggers
turbidity currentsor submarine landslides

Basedon the both the tidal marsh and seafloor recihre Washingin State Depément of
NaturalResourcediave discovered that Cascadia has been actively rupturing for the past 10,000
years. Therdavebeen at least 4évents.

FigureTS-4 identifies the mximum inundabn (a, ¢, ¢ and maximum wave speeds (b, d, f) for
eachearthquakeourcescenarioMost inundation occurs within lolying, relatively flat regions
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of the stug area such as the Port of Tacoma harbor in Commencement Bay. Minimal inundation
occurs along ®ep topogrghical slopes. Consequently, the inundation is determined fpisima
by local topography rather than offshore wave dynamics.

The Seattle Fault scenarcreates thenost inundation and highest currentghin the study area
due to te large disfacement ofvater in the deepest @nvidest region of Puget Sourithe
Tacoma Fault scenario has significant inundation in the Port of haaegion, but with safler
amplitudes Thisscenario causes less inundation overall since much lessisvdisplaed in the
narower and shallower regions of Carr Inlet,Vaxs Passage, arithst Passag&he Rosedale
dominant Tacoma Fault scenacaussthe least inundatioand lowest current speedse to
relatively small displacements in the regionamhels®
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Figure TS-4 Tsunami Inundation and Current-Based on Earthquake Scenari®
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Earthquakes could also kb#o landslidenduced tsunamis, the location and extent of which are
described below.

Landslide Source

Landslidescan occur on most bluffs throughout the coastal regions of Pierce County, including
the islands and the peninsulandslidesanalso originate on the delta slopes of major rivers
flowing into the Sound. In Pierceo@nty, this has happed primarily on the Puyallup River

delta leading into Commencement Bay. Eitbkthese instances can iruatsunami.

Occurrences

In 2011Japarexpetienced driple disastera subduction zone earthquake with a magnitude of
9.0 that triggered the devastating tsunami whidiin caused a cooling system failure at
Fukushi mao s .°Nhere Weeei j000 pdopiéafttdead or misihgand202,000
buildings/homes were totally or partially damdg&round 500,000 people were left homeless
after this event! Following the triple disaster there wastsft in the job marketwhile many
were left supended or displaced from work, theresvam increase in new jobs. Construction,
engineering, and teclual based jobs surfaced in an abundance relating to post disaster recovery.
Though this sounds promising, there was a disbalance of the type of wdabkvand the work
citizens were seekin There were not enough workers skilled in construction, eegimy, and
technical fields to fulfill the jobs. The largest field damaged by this event was manimigctur
specifically the fishery occupation. This waported over a year after the evemd predicted to
have lasting effect3 here was also a clear iearse in emigration numbers from 2010 to 2011,
there V\Z/as an increase of 30,799 emigrants. This was directly linked to the triple disaster in
Japant

In 2018Indonesia was struck by multiplautsamis one in Septemberiggered by an earthquake
thatwith the combineaffectof the earthquake and following landslide& more than 200

people dead anaround200,000 displaced® Thisis one sucheventh er e communi ti es o
resources werimited, and it kept many people trapped anidhout necessities. Many people

were desperately seekiagvay out, but fuel shortages and rations made it impossible. This event
also brought some reportsofo mmu n i t e raes idcreasinif ImDecember of 2018

Indonesia experienced another tsunami, this one much more shocking. This tsunami was
triggered by an underwater landslide believed to be a result of distant volcanic activity
Indonesian tsunami waing systems wherbased on tracking earthquakes and were not

equipped to read underwater landslitfeEhis event left around 400 dead aardund 40,000
displaced and damage brought to 1,300 hothes

The recorded history of tsunamissisort,and research is currentheing conducted tdevelop a
chronicle ofpast ocarrences otsunamis irPuget Sound. Below is a descriptive narrative of
each occurrence organtYzed by the tsunamids so
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Table TS-1 Notable Tsunamisin Pierce County

DATE

DESCRIPTION

EARTHQUAKE SOURCE

A.D. 900

The earthquaken the Seattle fault caad uplift that triggerd a
tsunami in cenall Puget Sound that, because of the geography of
Sound waterways, may have reattigerce County.

LANDSLIDE SOURCE

April 16, 1949

A six to eight foot tall sunamiwas caused bylandslide on the north
endof Sdmon Beach, Tacomafter a large earthquakin theJuan de
Fuca plateA 400ft. high cliff gave way and slid into the Puget
Saund. Water receded 2Zb feet from the normal tideline, and an
eightfoot wave rushed back against the beach, smashing, lloaks,
a wooden boardwalland other waterfront installations in the Salm
Beach ared® It moved both directions within The Naws causing
damage at Salmddeach, Gig Harbor, and as far south as Dantsl
Shortly dter the earthquake geologists hadiced that cracks had
formed at the top of the slope and had notified residents that a sli
was possibleMany people evacuateddin property and while the
dide itself did not damage the homes there dem®age from the
tsunami itself.

1894

A large subnarire landslide occurrea nighton the Puyallup River
delta in CommencemeBiay; triggering a tsunamiThisresuledin
two fatalitiesand the destruction &00 feet othe Northern Bcific
freight docls and other port facilitiest alsocreated at last aten-foot
wave in theOld Town section of Tacomavhichwashed over homes|
on the tiddlats.
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Recurrence Rate

Tsunamis have been a part of Pierce County long b#fene wasa written record otheir
existenceData from fieldstudies shows that both the Seadihel Tacomdaultsthat run under
Puget $und had displacement around @0 years agé’ These would have resulted in tsunamis
impacting the coastal areas of tbeunty. Recent locally genated tsunamis from the various
sources mentioned aboliave impacted Piee County three times in the last 120 yedtsere
wereearthqake generated tsunamis 100 years ago) as well as ones from landslides into Puget
Sound (949) androm anunderwater landslideL894). There is too short of adtoric record to

give a definitive answefor a recurence rateTaking theginto consideration, until further

research can provide a better estimate a tentative recurrence rate of plinus 100 yeasill

be used.
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Impacts

With earthquakes and landslides as a soussetrerespectivechaptes for impactsnot directly
related to tsumais.

Health and Safety of Persons in the Affected Area at the Time of the
Incident

Warning sigms of an appoachingtsunami include: fdeheground shaking sevesgelsee a rapid
fall or rise in sea level, hear a loud rcamingfrom the open watenr receive alerfrom
Chanrel 16 NOAA Weather Raid, EmergencyAlert System(EAS), Wireless Emergeay Alert
(WEA), or drens?!

Depending on the locatiodirection that the wee propagategime of day and even time of
year, fatalities andcasualtiefrom any tsunamcould be high within thempacted areaSwift
currents commonlgause mchof the damagefrom tsunamisither from impacting objects
directly or fromcarrying matdals along with the watesuch adoats,logs, carsparts of
buildings andpollutantslike oil, gasandsewage

This was theituation with thel894tsunami disussedbove;seeFigure TS-6 Damage in
Tacomafrom the 1894 Tsunam®ne of the fadrs limiting fatalities anccasualties in 1894 was
the ocairrence of thestunami at night when theaterfront population was loww.oday,a repeat
of the 1894 tsuami could damage berthedigh and cause major damagehe testaurantand
businesses located on pilings along Ruston Way.

Evacuation routes could be blockasla resuldf thesource of the tsunamsiich adandslides
powerlines or otherdebris People could be trappeddamagd buildings abng the waterfront
andnot be able to evacuate before a tsunami arrives.

Puget Sound tsunamis could damage both facilities located alrgdlst and rail carsaveling
along the coastal trackislany of these contaihazardous materialsat could be released the

water and surroundingnvironmentDepending orthe chemicals releasgithis could pose a
threat to citizewedlageheal th for weeks or ev

It is possible that bridges and ferry docks hit by the tsunami could be damigigerdyatially or
fully destroyed. Thisvould limit theability of citizens toevacuate the individual islands
Pierce County and in the case of the PiBdggelimit accesdo the Gig Harbor KeyPeninsula
communities

In the 2004 Indnesian tsunami antd 2011 Japanese tsunami, crimesatere reported as
lower.22 Many sources report that disasters bring a stronger sense of comasusétgn in
Japar?® There is acknowledgemeaof the possibility that crime is not being reported ashmia
times of disasr recovery. Community destructi@an lead tdaw enforcement groups to
prioritize their efforts and it is possibly that some crime reports are pushed aside to handle
greatemmore pressing mattefé After such events, communities cstill face a lot of @vastation
and/or despair. While ihay not be true that crime necessarily grows or increases londpterm
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every eventit is apparent through reports that cricamchange somewhat. When communities

are struck by disaster that leateem with shortagesf food water and materials lootiregimes
become more popul ar. Foll owi ng tafpcammingint ri pl e
order to receive money

Health and Safety of Personnel Responding to the Incident

Response persoel located within th affected area will &ive the samthreats as the general
populationduring the actual period of time that the wages active and dangerous

Figure TS-6 Damage in Tacoma from the 1894 Tsunarf?
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Continuity of Operations and Delivery of Services

Theadvese impactto jurisdictions within Pierce Counfgr a nonearthquake gemated
tsunami,in maintainingnormal dayto-day operationswill be limited. Damage and respoasvill
both be limited due to the smalksiand localizeéffect of the tsunami.

For tsunams associated with Bcal earthquaken eitherthe Tacomar Seattle &ult, computer
modeling shows wave action and related currents maleeg intoGig Harbor the Portof
Tacoma, Fifeandreacling over fivekilometers ughe Puyallup Rivef’ seeFigureTS-4
Tsunami Inundation and CurreBased on Earthquake Scenatids probable that one of these
tsunams would impact and damaghke infrastructureand equipmeni the Port of Tacomand
some other coastal jurisdictipeeeProperty, Facilitiesand Infrastucturesection below
Damage to cranes, docks, and even thré¢ Rdministraion Building are alpossible from a large
locally geneatedtsunami.ln this case the Port would not have the ability to maintammal
operatims. For other jurisdiions the tsunanmayhave less direct effect on thaibility to
maintainoperations. Insteaahy operational continuitwvill be impacted more from the
earthquake itself
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The i mpact to a | ur iewicksisdirectymetated tadbproXkimitygo t o
Puget Sounddamage throughout the coastlioePierce Canty will not usuallyimpact the
delivery of rvices tacitizens, residences, or businesses with a few excepbamnsage to the
ferries, ferry dockg, or bridges ttheislands willprevent normal County serviggsossbly for an
extended period dfme. There could bedamage tdhe City of Tacomds fire facilities including
fire boats and the two stations located on Ruston Way and the Foss Waterway.

Loss of power due to damage teattic power stations is pogse, especially to thBonneville
Power Administration substation located at the south end of the Hylebos WaterwéineRan
the Portand along Ruston Way and running sdutiim Salmon Beachould sustaindamage.
Sewage teatmenplants locatd at omear tidewater havahigh probability of damage. In this
case the City of Tacomads t coeldbe daemagedbpd an't
tsunami.ln addition the underside of bridges sometinsepportwater,gas ard other lines that
cross the Pyallup Riveranda high wave coulddamage these.

Within the City of Tacomaviarine View DrivéHwy 509 RustonwWay, Schuster Parkwayand
Lincoln Avenue Bridgeare all major routes that could sustinnamidamagePortlandAvenwe
running along the Buallup River and Dock Street on tRess Waterwagould be inundatedhll
of these rowts meribned if damagegddestroyedor impassablevould hawe a negative impa
on the delivery of services to the community.

Due to local topgraphy, University Place, Steilacoom and DuPomhile all located along the
coastonly have a small portion of their populatiomighin reach of a tsumai. Sunset Beach and
Day Islandin University Placeare the twoareasmost likelyto sustairdamageA tsunami
inundatingeither area couldamage or destrayog of the housesand in the casef Day Island
the marina awvell.

Gig Harbor is slighly different from the standpoint that nfuof thedowntownor economic core
of the City is located along tlehore of the Harbor. The Harbor with its narrow antre opening
into a widerbaymay in some cases dissipate some of theegéivaenter it. Howeer, recent
research suggests that antlegnake along th€acoma Fault could sendbeb footwave into the
Harbor.2 An earthquake along the Seattle Fault daeven more damage to Gig Harbor.
Computer modeling shes that arearthquake on the S#a Faut could send 4.1.5 footwave
into downtown Gig Harbot® While a5.5 footwave would cause some damage withie
Harbor, especially to boats and docks, dasibtful that it would cause furtherrdage withinthe
City itself. A11.5 footwave on the ottr hand willnot onlywreak havo@among the boats
moored vithin the Harbor itself, but also along the streetmlteling the shore line blocking
them with debs, disrupting power and maidg responseery difficult. Due to the rapighcrease
in elevationby the landsape above the waterfront, services shouldedmpaired by the
tsunami itself throughout most tife City. Newer prelininary data fola Cascadia Subduction
Zone evenshowsan estimated foot wave athe northern tipof Gig Harbor into Crescent Creek
Park, an estimated footwave at the emance of Gig HarborovertopsLighthouse Beach, arah
estimated 5-7 foot wave m shoreline ofsig Haibor 3°

The otherarea that could havegilems with the delivergf services is the City of Fife. While
not a coastal comnmity, its proximity to the coast, the Blair and Hylebos waterways extending
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almost to its baders, itgpostion on the Puyallup River arits low elevation all leave it
suseptibleto damage from tsramis.

Property, Facilities, and Infrastructure

Property, facility and infrastructurempacts from d@sunami could range from minor éxtreme.
For example,asmall tsunamgenerated by a landslide off the steep hillsidghe soutern
portion of the Sounditherin or south of the Tacoma Narrowsuld affect only a small
population that live rightlang thewaterfrontand a few businesses like theyDsland Yacht
Harbor.Even with a small tsunantihere calld bedamage to theail tracks It would puta
temporarystop torail traffic, both cargo and passemgeetweerSeattleand Portlandf not
further.

In contrasta large earthquake generatedtus Tacoma or Seattledls couldsend a tsunami
throughout the entire Port of Tacoma area as well as up the PuRalkmpthrough Fife,
overtopping the levees along sectiofishe Puyallup Rier causingurther flooding along
sections of the lower Rallup. In addition dueto the voumes of water there would be extensive
damage from currents along not just the watgmsy but also inland as the water flowed back to
the Soundarrying debris wih it.

Damaed property and infrastructure in this casmild not just be the prate propety and
businesses, but roads, both local and major like High8&/S09,SR-99 and pessibly I5.
Damage to the levees along the Puyallup coalgse further probms with floaling in future
storms.Ships docked in the Pocould be damageds thg are movd by the waves and currents.
Chemical companies woulte damagedyossibly includingspills of large quantities of
hazardous chemicals that édspread pollutiorover a largerea. Bonneville Power
Administration has a ajor electic power substtion locaed at the south end of the Hylebos
Waterwaythat could have major damage if itsvaundated by &igh wave(5 foot orhighel) of
saltwaterRail linesinthePort oul d be damaged. The Ciptagtisof Tac
vulnerable as arwater, g@s, and other lines that cross the Puyallup River on the underside of
bridges.

Roadsalong the waterways could be heavily damaged. Thesedmdllarire View Drive,
Ruston Way and Schuster Parkway. Businesses alongrtasseould be destroyedr heaviy
damaged. This includes the restaurants and others along Ruston Way, the grainaatelva
loading facilities on Schuster and the marinasently home to hundredsf boats.

In these scenarip&ig Harbor will also reeive awave causing dangato docls, boats, and
businesses as witlortions of the rest of the Sousduth of the Narnas.

The Environment

The environmental impacts from a tsomastriking Pierce Couy could range from vergninor
to catastrophicA smalltsunam, like the 1949 wve,would cause very limited environmental
damage unless it caubasignificantchemical spil This could happen if lleraileda train
carrying hazardas chemicals$raveling along the waterfrornin most cases the damageuld be
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to the beach coverimg at the point of théandslideand the animals that reside thezeosion from
the waveaction, and damage to the vegetation directly imptitbofth e wa v-epd s r un

At the other extreme tsunami originatingitherin Commencement Baperhapdrom a
rupture of the Tacoma Fautly a large one traveling down Puget Sound from a ruptutieeon
Seattle Faultould damage ships in polt could destroy the oiland @s tankst the entrance to
the Foss Waterway and daneag number of othgroperties thraiughout the portmany of which
have quantities of hazardous chemic@ldes could carryhose chemicals throughout not just
Commencement Bay, burtto other portionof Puget Sound as welh this case the damage
couldbe catastrophic amtependingon the type and quantity of chemical(s) releadesl
environmental damage could last for yaérot decades.

Waterovertopping the levees willde a residue of salind pasibly other chemicals picked up

by the water 6s ptaosldaffegteagicultare foryegrs if notldecad&so

Economic and Financial Condition

An exampek of how a local tsunami and distant tsunami may diffgeverity at ports is best
shownfrom a recent subduction zone evefftJapan: the 2011 dnituded.0 Tohoku

earthquake and tsunanm. Japan, the tsunami was locally sourced destroye@8,000ships,

26 large freighters319portsand created significant economic lossf 3.9 bilion perday. Also,
the same tsunami crossdw tPacific and struck theeatern US as well. In California this distant
tsunami destroyed or severelamaged 24 mhors causing 100M in damages. These ports took
up to a yar to open causing significant ingtdo the local economy.

We canalsobreak the potential for tsunami ecomio impacts intahreegroupsby size While
theris no exact size pameters we wiluse the 1949, 1894nda tsunami generated by either
the Tacoma or Seattle faults.

Small tsunamis similar to 199 or smaller would haveery limited or noimpacton theeconomic
or financial condition of tajurisdictions locatedh Pierce Couty. Their area of impaatill be
restricted because thelume of water displaceds verylimited.There could be ore damage
from the actual landslide than from the tsunami itdeffending on where the slide occurs.

A repeat of 1894 codlcause greatefamage with a wave damagiagdestroyingnany of the
businesses alongothRuston Wayand Mame View Driveas wdl as some in the Port of
Tacomaand the Foss Waterway. In this eagdamage could run into the millisn

Thethird scanariowould bea large tsunami from a quake on either the Tacomaatl&Sfault

The developing tsunambald devastate larggortions of thePierce Countygoastline In a
situationof this magnitudeactual los®s from the tsunami g couldbe many times thaof the
previousscenaios. Thedamage tdusineses located in the Port of Tacqrparhaps as far as

Fife, combined with the losses along Ruston Walg Harborand othepointsalong thecoast

could set back the economic base for years. Margnesses and a large portion of theustrial
base ofthe County would be damagékhousands of jobs would be lost, and tax revenues would
drop. It could takegrears to repair all #hinfrastructue and oty then could the economy begin to
rebuild to preeathquake/tsunami levels.
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Public Confidence in the Jurisdiction’s Governance

Depending on the amount of damage, cdnfidenoe a | oc
inthej ur i s dgowertamce cold Ise sustained or adversely affected. A largedsi

generated by either tileacomaor Seattlefaults cold cause extensive damage all along the

Pierce County coastlinéhroughout the Port of Tacomand posibly sone distance up the

Puyallup Rver.Even wi t h a case | i ke ndurisdictiontweuldpesu bl i ¢ 0 s
governedbyp e op | e 6 s ophew wekb thetresmonse and recovery went. A well

coordinated, visible, response and recovery efidtincrease citizen confidence inetin local
governmentln contrast, a poorly coordinatedewill decreas¢he publicconfidencen the

localjurisd cti onds competence.
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Resource Directory

Regional

0 Pierce County Department of Emergency Management
http://www.co.pierce.wa.us/Index.asi¥IiD=104

0o Washington State Emergency Management Division
http://www.emd.wa.gov/hazards/hazutsmi.shtml

0 Washington State Department of Natural Resources
http://www.dnr.wa.gov/ResearchScience/Topics/GdoldgzardsMapping/Pages/tsunam
is.aspx

0 USGS Western Region Coastal and Marine Geology
http://walrus.w.usgs.go¥pacmaps/site.html

National

9 Pacific Tsunami Museum
www.tsunami.org

1 USGS Tsunami and Earthquake Links

http://walrus.wr.usgs.gov/tsunami/linksit
http://www.usgs.gov/hazards/

1 Pacific Tsunami Museum Links
http://www.tsunami.org/links.htm#Tsunami%20Resource%20Centers

1 National Weather Service Tsunami Warning System
http:/Mww.tsunamiwave.info/

1 NOAA Tsunami Research Program
http://nctr.pmel.noaa.gov/
http://nctr.pmel.noa.gov/animate.html
http://nctr.pmel.noaa.gov/pugetsodme2/movie/ps.htmi

1 Interactive Tsunami Site
http://www.geophys.washington.edu/tsunamiteene.html

i International Tsunami Journal
http://www.sthjournal.org/
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http://www.co.pierce.wa.us/Index.aspx?NID=104
http://www.emd.wa.gov/hazards/haz_tsunami.shtml
http://www.dnr.wa.gov/ResearchScience/Topics/GeologicHazardsMapping/Pages/tsunamis.aspx
http://www.dnr.wa.gov/ResearchScience/Topics/GeologicHazardsMapping/Pages/tsunamis.aspx
http://walrus.wr.usgs.gov/pacmaps/site.html
http://www.tsunami.org/
http://walrus.wr.usgs.gov/tsunami/links.html
http://www.usgs.gov/hazards/
http://www.tsunami.org/links.htm#Tsunami%20Resource%20Centers
http://www.tsunamiwave.info/
http://nctr.pmel.noaa.gov/
http://nctr.pmel.noaa.gov/animate.html
http://www.geophys.washington.edu/tsunami/welcome.html
http://www.sthjournal.org/

Endnotes

1 Backgrownd and specific information for entiRierce County Tsunami Section provided through cortsurtavith
tsunami hazard expert, Tim \'¢h, Washington StatDepartment of Natural Rasees.

2 Pacific Tsunami Museum Archive Photlatsp:/Avww.tsunami.org/archivesmore1946.htifinternet accesed
February, 2007].

3 Pacific TsunamMuseum Archive Phoghttp://www.tsunami.org/archivesmore194toh [Internet accessed
February, 2007

4Modified from Washington State Natural Hazard fition Plan (DRAFT), Tsunami Section,aghington State
Emegency Management Divisioneftember 5, 2002.

Gonzalez, Frank | ., et al206PuWetk SbopdR&pgroenamd SOMALE

environmental Laboratory, Contribution No. 252603. p. 914.

6 To watch the tsunami simulations aftee Cascadi Subduction Zone eaghake see
https://youtu.be/eBJQW_6k6M Thetsunami eache Tacomaat appraimately 2.5hours latetbut thewave
generain will continue tooccur for ateast 12 hours!

" Note that all of these tsunamis weriggerel from landslide and all of Washgtonts waterways are at risk
including those in eastern &hngton. AlexDolcimascolo, Tsumai Geologist, Washington GeologicSurvey,
Sepember 25, 201Presentation.

8 Tacoma, Washingtg Tsunami Hazard Mapping Project: Mdidg Tsunami Inundation from Tacoma and Seattle
Fault Eartiguakes, NOPP Technical Memodum QAR PMEL-132,Venurato, Angie J. et al., pp8-10.

9 TacomaWashington, Tsunami Hazard Mapping Project: Modeling Tsumaunidation from Tacoma and Seattle
Faul Earthquakes, NOPP Technical Memorandum OAR PMBP,Venurato, Angie J. et al., ppS-10.

fiDue to constraits of the inundation grid, threodel does ot cover the full extent of wave propagation in the upper
Puyalup River; subsequently, the wave reteoff the edge of the grid boundary leading to potegtiahphysical
inundation within theCity of Fifead Puyal |l up Nation territory. o

10 Japan Earthupke & Tsunami of 2011: Facts and Information, Becky Oskin, Live Science
https.//www.livescience.com/3911fapan201 Learthqaketsunamifacts.html

113 a p a n 6 sakelrad ITsumamiuEconomic Effects and Implications for the United SRitdsK. Nanto,
William H. Cooper, J. Michael Donnelly, and Renee JohnSamgressional Reseh Service
https://fas.org/sgp/chow/R41702.pdf

2The Impact of the Great East Japan Earthquake onaheriMarket Need to Resolve the Employment
Mismatch in the DisasteBtricken Areas, Yoshio iguchi, Tomohiko Inui, Toshiaki Hosoi, Isao Télksa and
Atsushi Kawakami, Semantics Scaol
https://pdfs.semanticscholar.org/c4f0/ddfc5107daf420c330f2540344 dsf¢ 3§ f

B Indonesia Central Sulawesi Earthqaand Tsunami, International Labor Orgaation,
https://www.humanitariamsponse.info/sites/www.humanitarianresgmimfo/files/dcuments/files/ilo_sulawesi_cri
sis_employment_impact assewent- 2 _november_ 2018.pdf

1 Fleeing Palu Residents Hampered by Fuel Shortage, Crime athaas, Wahyudi Soeriaatmadja, The Straits
Times https://www.straitstimes.com/asia/asia/fleeingpaluresidentshampereeby-fuel-shortagecrime-andair-
chaos

15 Tsunami in Indnesia Kills over 280, With No Warning, Mtita SuhartonpThe New York Times,
https://www.nytimes.com/2018/123/world/asia/tsunamindonesiasundastrait.htm

16 Indonesia: Tsunanii Dec 2018, ReliWeb, https://reliefweb.int/disaster42018000423idn

17 Gonzalezp. 9-14.

8 Tacoma News Tribunéipril 18, 1949. p.1 as quoted in Lander, e{3993) Tsunamis Affecting the West Coast
of the UnitedStates 1808992 NGDC Key b Geophysical Recorddzumentabn No. 29, NOAA, NESDIS,
NGDC, 242 pp. albttp://wcatwc.arh.noagov/web tsus/19490413/references.htm

19 Gonzalez. Cover.

20 Tacoma Washingon, Tsunami Hazard Mapping Project: Modeling Tsummndaton from Tacoma and Seattle
fault Earthquakesventurato, et.al., United StatBepartment oCommerce, National Oceanic and Atmospheric
Administration, Office ofOceanic and Atmospheric Researdénuary 2007, p. 3.

21 See tsunami.gov for currealert andwarning information.
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http://www.tsunami.org/archivesmore1946.htm
http://www.tsunami.org/archivesmore1946.htm
https://youtu.be/e5PJQW_6k6M
https://www.livescience.com/39110-japan-2011-earthquake-tsunami-facts.html
https://fas.org/sgp/crs/row/R41702.pdf
https://pdfs.semanticscholar.org/c4f0/ddfc5107daf420c330f2540344dd73895fc0.pdf
https://www.humanitarianresponse.info/sites/www.humanitarianresponse.info/files/documents/files/ilo_sulawesi_crisis_employment_impact_assessment_-_2_november_2018.pdf
https://www.humanitarianresponse.info/sites/www.humanitarianresponse.info/files/documents/files/ilo_sulawesi_crisis_employment_impact_assessment_-_2_november_2018.pdf
https://www.straitstimes.com/asia/se-asia/fleeing-palu-residents-hampered-by-fuel-shortage-crime-and-air-chaos
https://www.straitstimes.com/asia/se-asia/fleeing-palu-residents-hampered-by-fuel-shortage-crime-and-air-chaos
https://www.nytimes.com/2018/12/23/world/asia/tsunami-indonesia-sunda-strait.html
https://reliefweb.int/disaster/ts-2018-000423-idn
http://wcatwc.arh.noaa.gov/web_tsus/19490413/references.htm

22 Do Natural Disaster Induce More Crime?, Michael Lentini, Plamen Nikdltatthew SchwartzAlpendow:
Binghamton Univesity Undergraduatdournal of Research and Creative Activity,
https://pdfs.semanticscholar.org/a284/441e3470180id54cb8b17ec1e1629838fpd

23 Japanese, Waitinin Line for HoursFollow Social Order After Quake, Susan Donaldson James and Russel
Goldman, abcNEWSittpsi/abcnews.go.com/Hedalfapanvictims-showresilienceearthquakeésunamisign
sense/story?id=13135355

24Do Natural Disaster Induce Mofrime?, Michael Lentini, Plamen Nikolov, Matthew Schwartz, Alpenglow:
Binghamton University ddergraduate Journal of Resch and Creative Aigity,
https://pdfssemanticscholar.org/a284/441e3470180f713cd54cb8b17ecl1e1629838.pdf

25 Japan Earthquake: Orgaed Crime Gangs Preying on Victims, Julian Ry&le Telegraph,
https://www.telegraph.co.uk/news/worldnews/asiale®399906/Japanarthquakerganiseecrime-gang-
preyingonvictims.html

26 Damage to the docks from the 1894 tsunami generated by an underwagédéaimdConmencement Bay. Photo
from Archives in the Tacoma Public Library, Photo G2@99.jpeg

2"Ventuato, et al,, p.12

28 Tacoma, Washington,sTinam Hazard Mapping Preft: Modeling Tsunami Inundation from Tacoma and Seattle
Fault Earthquakes, NOPRechnical Menorandum OAR PMEL132,Venturab, Angie J. et al., p 14.

22Tacoma, Washington, TsunaimazardMapping Project: Modeling Tsunami Inundatifsom Tacoma and Seattle
Fault Earthquakes, NOPP Technical Memorandum OAR PNI&2, Venturato, Angie J. &l., pps. 0-11.

30 The Cascadi®ubduction Zonelata ispreliminaryand here are still dataagpsthatwill be completed in the
coming years.
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https://abcnews.go.com/Health/japan-victims-show-resilience-earthquake-tsunami-sign-sense/story?id=13135355
https://pdfs.semanticscholar.org/a284/441e3470180f713cd54cb8b17ec1e1629838.pdf
https://www.telegraph.co.uk/news/worldnews/asia/japan/8399906/Japan-earthquake-organised-crime-gangs-preying-on-victims.html
https://www.telegraph.co.uk/news/worldnews/asia/japan/8399906/Japan-earthquake-organised-crime-gangs-preying-on-victims.html

